proposed an alpha/theta localization algorithm for EEG signal analysis (Sharabaty et al., 2006) . Wang et al., extracted the data features from C3 and C4 EEG signals to design a BrainComputer Interface (BCI) (Wang & Xu et al., 2008) . They discussed the accuracy of a classification system based on imagery-movement tasks and analyzed the average marginal spectra at electrode C3 and C4 during each imagery task. Wang et al. , also used HHT to automatically remove ocular artifacts in contaminated EEGs (Wang & Liu et al., 2008) . The authors described EEGs contaminated with ocular artifacts, IMFs and the residual artifacts from FP2, and also elucidated the differences between the contaminated FP2 EEGs and the corrected EEGs. Further, they determined the differences between the power spectra for the corrected EEGs and the contaminated FP2 EEGs. In our previous studies, we have discussed the design concept for mobile telemedicine and chaos-based encryption mechanisms for biomedical signals (Lin & Chang et al., 2006) (Lin & Chang et al., 2007) (Lin & Li, 2008) (Lin & Chung et al., 2008) (Lin et al., 2009) (Lin, 2010) (Lin et al., Online First) (Lin, Online First) (Lin & Wang, Accept) . In 3 previous studies, we have described the HHT-based time-frequency characteristics of the FP1 EEG signals recorded from normal and alcoholic observers watching a single picture and 2 different pictures (Lin et al., Online Book, 2010) . In this paper, we analyzed the sharp and normal waves with a transmission bit error rate (BER) of 10 -7 in the EEGs obtained for epilepsy patients. The IMFs, IFs, and the time-frequency-energy distributions of these EEG signals are studied. In section II, the concept of HHT is presented, and in section III we describe the simulation results and discuss the application of HHT in the analysis the sharp waves of EEG signals obtained from patients with epilepsy. In section IV and V, we present our discussions and conclusions, respectively.
Method
In the HHT temporal frequency-energy-time signal analysis technique, EMD is used to perform IMFs decomposition, and HT is used to obtain the IFs, and time-frequency-energy distributions of these EEG signals. The following procedure is employed for analyzing the IMF using EMD:
Step 1. initially assume ()
Step 2. analyze the ith IMF; a. initially assume (1 ) 
Thus, the IF of a single channel EEG signal can be analyzed using the following equation:
Using the HHT-based time-frequency analysis technique, the time-frequency characteristic vector of the EEG signal for epilepsy can be acquired, and the frequency characteristics, amplitude characteristics, time-dependent temporal-spatial frequency correlation, and correlation of the EEG signal to the clinical characteristics can be analyzed. Furthermore, this approach can allow determination of statistically common and abnormal points, generalization of a standard by comparison with a normal sample, augmentation the efficiency of observation, and analysis of the HHT time-frequency-energy characteristics corresponding to sharp wave.
Simulation results
We have used an HHT-based time-frequency analysis to analyze the sharp waves in the EEG obtained for epilepsy. A sharp EEG signal was obtained from the T3 channel from a clinical patient presenting with epilepsy; the transmission BER of the EEG was 10 -7
. Figure 1 and Figure 2 show the sharp and normal waves, respectively. Two hundred and fifty samples per second were used to generate the sharp and normal waves. The sharp wave was generated in the interval of 0.324 and 0.444 s, its length was 120 ms, and its amplitude was 73.63 mV. Tables 1, and 2 show the statistical characteristics of the IMFs of the sharp and normal waves, respectively; we assume that the received EEG signals had a transmission BER of 10 -7 . The maximum amplitude of the sharp wave (76.64 uV) was larger than that of the normal wave (20.7 uV). We analyzed the IMFs, IFs, and time-frequencyenergy distributions for the sharp and normal waves. Figure 3 and Figure 4 show the IMFs and residual function for the sharp and normal waves, respectively; these IMFs were obtained using EMD. In these examples, 4 IMFs and a residual function were decomposed for the sharp and normal waves. In these IMFs, the amplitudes of the sharp signals were higher than those of the normal waves. The analysis results show that the ratios of the energy of a sharp wave to its total energy for IMF3 and IMF4 were 34.55%, and 33.73%, respectively. Further, the ratios of a normal wave to its total energy for IMF4, and the residual function were 43.25%, and 37.63%, respectively. The ratio of the energy of a sharp wave to its IMF4 energy for δ (0.5 Hz-4 Hz) band was 98.4%, the similar ratio of a normal wave was 82.2%. Figure 5 and Figure 6 show the IFs corresponding to the sharp and normal waves, respectively. Tables 3 and 4 show the statistical characteristics of the IFs of the sharp and normal waves, respectively. The mean frequencies of the IFs of the normal waves were larger than those of the IFs of the sharp waves. The frequency-energy distributions corresponding to the sharp and normal waves in the IMF3, IMF4, and the residual function are shown in Tables 5, 6 , and 7, respectively. From Table 5 , the maximum energy of the sharp and normal waves in IMF3 appeared in the θ and bands, and they are 25374.79 2 uV and 1336.66 2 uV , respectively. From Table 6 , the maximum energies of the sharp and normal waves are 40853 2 uV and 7696 2 uV , respectively, and they appeared in IMF4 in the bands. From Table 7 , the maximum energies of the sharp and normal waves in the residual function are 14421.09 2 uV , and 7714.66 2 uV , respectively, in the bands. The timefrequency-energy distributions of sharp waves in IMF3, and IMF4 are listed in Table 8 and 9, respectively, while those of normal waves in IMF4, and the residual function are listed in Table 10 and 11, respectively. This is because the maximum energy distributions of sharp and normal waves are in IMF3, and IMF4, and IMF4, and the residual function, respectively. IMFs and a residual function of the sharp and normal waves by using the HHT analysis. Analysis results show that the ratio of the energy of a sharp wave with the IMF3 and the total energy of a sharp wave, the ratio of the energy of a sharp wave with the IMF4 and the total energy of a sharp wave, the ratio of the energy of a normal wave with the IMF4 and the total energy of a normal wave, the ratio of the energy of a normal wave with the residual function and the total energy of a normal wave are 34.55%, 33.73%, 43.25%, and 37.63%, respectively. The ratio of the energy of the IMF4 of a sharp wave with δ (0.5Hz-4Hz) band and the total energy of the IMF4 of a sharp is 98.4%. The ratio of the energy of the IMF4 of a normal wave with δ (0.5Hz-4Hz) band and the total energy of IMF4 of a sharp is 82.2%. The mean IF of the IMF4 of a sharp wave is smaller than the mean IF of the IMF4 of a normal wave. From these analysis results, we observe that the HHT-based time-frequency characteristics of the sharp waves with a transmission BER of 7 10 − .
Discussion
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